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Fig.1 O, cluster model(A) and N,, cluster model( B) of ZSM-5 zeolite
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PR TTHEIILE Gaussian 98 F/E %) s B B3LYP Jriise i, 4 BIREH TR UGEI 1) 631G, 631G
(d) 1 6-311G(d,p) VERTTASIM. fEETFUFE T, A THANENZER, U EXEHE. H
F AT B 1 LA AR5 A 2544 5 S 56 25 19 40 1 0 0 J LA 5 40 2 S e R TR e 330 v SR B 4
AL ik 220 O SRR I AL, N SRR R R AL B9 0, Si—N (H ) —Si0, Ji
e, B R A B [ AN SRR R AL FRREARTE T N BURE A9BSR #4 T LA T — s 1Y 1A
B R AR ZSM-5 43T B R gl by -2

2 #RE5itR

2.1 O EFHELME

ZSM-5 4yF-iiith 26 4~ O R FAEE b R e Ml LE 4% O, BRI RER E(0,) i, E(O,)
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/NI E(Oy5) >E(O5) >E(O0y) >--->E(0;) >E(0y,) >E(0,y), FRAERZ A 1 RE 22 e KN
22.55 kJ/mol; R 6-31G(d) FHIHEAR E(O,) B R/NRFFHN E(0, ) >E(0,) >E(0,) >+ >
E(Oy) >E(0,) >E(0,,), SHHAINRER 2N 16.90 k)/mol; KM 6-311G(d,p) FEAITH 155
B ECO,) BIR/NBFE N E(0,) >E(0,) >E(0) >--->E(0,,) >E(0,) >E(0,,), SHEHAHER
ZH KN 14.76 kI/mol. H THRLAM 6-31G, 6-31G(d) F 6-311G(d,p) b ikhy, BN oK, it
GRS T A ST R B ok /b | R LG TR A 3 A 5 SR ORGP RT DA S, 7E ZSMSS 4y
T BHM 26 4~ 0 [T, | ARER O JFHO,,, HIKHO0,, 0,, BEEMNEFEFN O, , HikH
0,,. BMfERALEFEF, 0,, O, Al O JEF 59 N JEFHUY.
2.2 NEFHBEEHE

N JEF 25U 26 A O JETFJE#E ZSM-5 43 Ui 48 b i e D0 mT DAGE o 4% N, AR 7R 1) B e
i E(N)BiE. E(N,)BAL, W N JRF760F i B 28 rhifeoe . il A R4 ES R0 & Fh N, s
R M RER AN E 3 Fis. WK 3 ATLAE 1, R 6-31G JELHTHESFN E(N,) IIR/NFHN E(N,,) <
E(N;) < E(Ny) <--< E(Nyy) <E(Ny) < E(N,,), SR AY B 22 5 KO8 62. 34 kJ/mol; R H]
6-31G(d) FATHHEB BN E(N,) IR/NEFH E(N,,) < E(Ny) < E(N;;) < <E(Ny) <E(N,) <
E(N,,), SHHEMARER 2R KN 44. 27 kI/mol; KA 6-311G(d,p) FEAITHEAGEIN E(N,) BRI
PR E(N,) < E(N,) < E(Nj5) <+ < E(Ny) <E(Ny) < E(N,y), SFRBRRES 22 KO 44. 27
kJ/mol. G EIILA XA, LA LMl LUE H, N RFHUR ZSM-5 43 F0i i 424 (1 26 4~ 0
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Fig. 2 Relative energies of O, cluster calculated at Fig. 3  Relative energies of N_ cluster calculated at
B3LYP/6-31G(A), B3LYP/6-31G (d) (B) B3LYP/6-31G(A), B3LYP/6-31G (d) (B)
and B3LYP/6-311G(d,p) (C) levels and B3LYP/6-311G(d,p) (C) levels
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WX ZSM-5 2> T SRS B AT AT 0, 03, 04, 06, 09, 010, 012, 016 HI 017 JETFHAZ
5 ZSM-5 53 Fi EALIE MR g, fERb R DL S NH Bl & 2R O, PRI O JRFARXERE N
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2.4 ZEMBH

RIBURHTG ZSM-5 470 8T MEBIBI M 450 S 8% 1 Frox. Si—O0—Si B8/ °h 153. 4°,
Si12—O11 A1 Sil1—O011 A /510 0. 1586 #10. 1591 nm. N JEFEAL 011 JLF)5, Sil2—N—
Sill B4 136.0°, Sil2—N11 FEHI Sil1—N11 A EE 53504 0. 1686 F10. 1696 nm. Si—N FhH < 2
KT Si—0 #HK, N EFHEAR O i LR 542 h sk I3 K, SR Si—N—Si A5 4 L Si—0—
Si EEFA/N, fE—E PR G2 T TR AR G T 28 B 2R ke iy sk, A4S N R R LA
&0 Tk AL T B 2 R E A AE. WA JR T Mulliken HLff (£ B3 6 ) BOZA8 Ak bt o] LB Y, AU
fRJ5, Si BT Mulliken HLfARfEAS K, {H N JZFAY Mulliken Hiff b O JEF B &, 45 Si JRF5 N J&
FZ I BIVER J3as, IiARE T N R FBUL O JEF 5 16 B 48 iR e Tk

Table 1 Geometric parameters and Mulliken charges of O, and N, clusters

. Bond angle/(°) Bond length/nm Mulliken charge/ lel

Cluster Basis set . . . . . .
Si12—O011(N11)—Sil1 Sil2—O11(N11) Sill1—OI1(N11) NI1—H NII(Oll) Sil2 Sill
Oy cluster  6-311G(d,p) 153.4 0.1586 0.1591 — -0.720 1.447 1.468
Ny cluster 631G 129.3 0.1704 0.1723 1.013 -1.110 1.686 1.687
6-31G(d) 136.1 0.1690 0.1701 1.016 -0.797 1.113  1.119
6-311G(d,p) 136.0 0. 1686 0. 1696 1.013 -0.889 1.439 1.433
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Density Functional Theory Studies on the Substitutional Site
of Nitrogen in the Nitrogen-Incorporated ZSM-5 Zeolite

WU Guang-Jun, WANG Xin, YU Ai-Min, WANG Gui-Chang, YANG Ya-li,
ZHANG Fu-Xiang, GUAN Nai-Jia"
(Institute of New Catalytic Materials Science, Depariment of Materials Chemistry, College of Chemistry,
Nankai University, Tianjin 300071, China)

Abstract Density Functional Theory study was performed to predict the nitrogen substitutional site in the
framework of nitrogen-incorporated ZSM-5 zeolite. All the calculations were performed on 8T clusters of ZSM-5
by Gaussian 98 program at B3LYP/6-31G, B3LYP/6-31G(d) and B3LYP/6-311G(d,p) levels, respective-
ly. The calculations on energies of O atoms and N atoms show that the stability of N atoms in the framework
has bigger effect on the reaction of substitution than the stability of O atoms. The O,; site, which is in the
same tetrahedron with Brénsted acid, is the most preferred site for nitrogen substitution in the framework of
ZSM-5 zeolite. So the Br nsted acidity on the surface of zeolite after nitridation is decreased.

Keywords ZSM-5 zeolite; Density functional theory; Nitridation; Substitution
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